Current guidelines call for HIV-infected women to deliver via scheduled Caesarean when the maternal HIV viral load (VL) is >1,000 copies/ml. We describe the mode of delivery among HIV-infected women and evaluate adherence to relevant recommendations.
Introduction
The success of preventative interventions has decreased mother-to-child transmission (MTCT) of HIV in industrialized countries to less than 2% [1] . The key to this dramatic decrease is the availability and prescription of antiretroviral therapy (ART) to HIV-infected pregnant women for the purpose of achieving viral suppression before delivery. However, too many women do not achieve viral suppression by delivery [2] . Prior studies indicate that women with a HIV viral load (VL) >1,000 copies/ml at the time of delivery are at greater risk of MTCT of HIV compared to women with a VL 1,000 copies/ml. [3] . In these women, delivery via scheduled Caesarean section (C-section) is an effective intervention proven to reduce the risk of HIV transmission. The protective effect of a scheduled C-section before the onset of labor and rupture of membranes was first described in the 1990s by clinical trials comparing scheduled Csection versus usual care in international cohorts [4] [5] . Studies conducted in the modern ART era show that delivery via scheduled C-section, rather than vaginal delivery or emergent C-section, most effectively reduces the risk of vertical transmission when maternal VL is elevated near delivery [1] .
These findings led the American College of Obstetricians and Gynecologists (ACOG) Committee on Obstetric Practice and the United States Department of Health and Human Services (DHHS) Panel to issue recommendations regarding scheduled C-sections. These guidelines call for HIV-infected women with an VL >1,000 copies/ml to be counseled on the potential benefit of a scheduled C-section to prevent MTCT; receive ART during pregnancy; have a Csection scheduled at 38 weeks' gestation; and receive intravenous zidovudine during labor [6, 7] . However, little is known regarding compliance with these guidelines. Potential factors that result in women not delivering via scheduled C-section include lack of engagement in prenatal care, late HIV diagnosis, birth before the scheduled C-section, and patient/provider choice [7] [8] [9] [10] . The primary objective of this study was to evaluate adherence to current guidelines recommending a scheduled C-section for HIV-infected women with an unknown VL or VL >1,000 copies/ml for HIV-infected women delivering in Philadelphia from 2005-2013. Additionally, maternal demographic and clinical factors associated with delivery via scheduled C-section for HIV-infected women with an unknown VL or VL >1,000 copies/ml were evaluated through analysis of HIV surveillance data.
Materials and Methods

Study Population
We identified all HIV-infected women who delivered a live infant between 2005 and 2013 where the mother was a resident of Philadelphia or the birth occurred in Philadelphia. Multiple gestation deliveries were included as a single observation. Demographic, clinical, and engagement in care information for each mother-infant pair were abstracted from the Philadelphia Enhanced Perinatal Surveillance (EPS) project. EPS is a population-based surveillance system of HIV-infected pregnant women that includes 15 participating areas reporting a high incidence of HIV. The Philadelphia EPS is conducted through the Philadelphia Department of Public Health as a part of the Centers for Disease Control and Prevention's (CDC) surveillance cooperative agreement. The overarching goals of the EPS are to assist in timely evaluation of perinatal prevention efforts, monitor the implementation of the US Public Health Service recommendations for counseling and voluntary testing of pregnant women, and to assess ART use among HIV-infected pregnant women to prevent MTCT [11] . EPS identifies HIV-exposed infants through active case finding, utilizing reports from healthcare providers, delivery hospitals, laboratory reporting, and matching HIV-infected women with vital records. EPS data are obtained from medical chart abstractions (HIV care, prenatal care, intrapartum care, pediatric care records, and vital statistic records) by a trained abstractor. In our study, laboratory values, such as VL during pregnancy, closest to the time of delivery, were determined by merging EPS with the enhanced HIV/AIDS Reporting System (eHARS). eHARS is a surveillance system of all reported HIV/AIDS cases in Pennsylvania; the combined dataset for the state and Philadelphia is maintained by the Pennsylvania and Philadelphia Department of Public Health. The Philadelphia Department of Public Health Institutional Review Board exempted this study from review.
Variables
Outcome Variables. Our primary outcome, mode of delivery, was dichotomously categorized as scheduled C-section versus other modes of delivery (emergent C-section or vaginal delivery). Our definition for a scheduled C-section was based upon that of the DHHS which categorizes a C-section as scheduled if the procedure is done before the onset of labor or rupture of membranes. Emergent C-section was defined as a Caesarean performed after the onset of labor or rupture of membranes. When the mode of delivery was unknown, the case was removed from the analysis (n = 12).
Clinical Variables of Interest. Demographic variables included age, race/ethnicity, marital status, health insurance type, HIV risk exposure category, and illicit drug use. Age at delivery was categorized as 16-24, 25-34 and 35; race was categorized as non-Hispanic white, non-Hispanic black, and Hispanic; marital status as married and unmarried; and health insurance as public (Medicaid, Medicare, state funded insurance, and other publicly funded insurance), private (private insurance, HMO private insurance, and self-insured), and uninsured. HIV risk exposure was determined using the Centers for Disease Control and Prevention's hierarchy of reported exposure categories [12] . The HIV risk exposure variable dichotomized risk as either including intravenous drug use or all other HIV risk exposures including heterosexual and perinatal transmission. Illicit drug use was considered active if drug use occurred during pregnancy and included the use of amphetamines, barbiturates, benzodiazepines, cocaine, crack cocaine, heroin, hallucinogens, methadone, marijuana, methamphetamines, opiates, or other illegal drugs.
Mode of delivery was evaluated by the dichotomous maternal VL variable. The VL variable reflected the VL during pregnancy, closest to the time of delivery and was classified as VL 1,000 copies/ml vs. unknown VL or a VL >1,000 copies/ml. Women lacking a recorded VL at delivery are considered to be at greater risk for MTCT compared to women with a VL 1,000 and were therefore included with women with a VL >1,000 copies/ml. Other clinical variables of interest included history of a previous C-section delivery, quality of prenatal care as measured by the Kessner Index, ART receipt (at any point during pregnancy), and timing of ART initiation. The Kessner Index, a validated measure of adequacy of prenatal care which takes into account the month in which prenatal care began, gestational weeks at time of delivery and number of prenatal care visits, classifies care as adequate, intermediate or inadequate [13] . Classification as adequate indicates that the initial prenatal visit occurred within the first trimester (at or before 13 weeks) and a minimum of 9 prenatal care visits was attended if delivery occurred after 35 weeks' gestation. Classification as inadequate/no prenatal care indicates that the initial prenatal care visit occurred in the third trimester (after 27 weeks) or fewer than 5 visits were after 18 weeks' gestation. All other combinations of prenatal care initiation, number of prenatal care visits, and gestational age of delivery are considered intermediate. ART receipt during pregnancy was determined by provider documentation during the prenatal visits and hospitalizations; additional information on type or appropriateness of antiretroviral used was available but often incomplete. Timing of ART initiation during pregnancy was classified as ART initiation by the first or second trimester as opposed to ART initiated within the third trimester. Deliveries were also categorized by hospital site. Timing of HIV diagnosis was categorized as prior to pregnancy, during pregnancy, and at or soon after delivery based on when the HIV diagnosis was made.
Infant level variables included birth type, gestational age and HIV status. Birth type was categorized as single or multiple gestations. Since CDC and ACOG guidelines stipulate that a scheduled C-section for the purpose of minimizing vertical HIV transmission should be at 38 weeks' gestation, the gestational age variable was classified as <38 weeks' gestation or 38 weeks' gestation [6] [7] . Infant HIV status was determined using the CDC case definition for HIV-exposed infants under 18 months of age. HIV positivity required a positive result on two separate specimens (not including cord blood) from one or more HIV virologic tests (HIV nucleic acid detection, HIV antigen test, or HIV isolation) [14] .
Statistical Analysis
We examined maternal demographic, behavioral and clinical/engagement in care characteristics based on the mode of delivery and stratified by maternal viral load during pregnancy, closest to the time of delivery from 2005 to 2013. The relationship between infant characteristics such as birth type (single/multiple), infant HIV status and gestational age at birth and mode of delivery was also analyzed using univariable analysis. A multivariable logistic regression model was used to determine the odds of receiving a scheduled C-section when the VL was unknown or >1,000 copies/ml adjusting for demographic, clinical and engagement in care variables, delivery hospital site variable (data not shown), and clustering at the level of the mother due to repeated births during the study period. We hypothesized that non-Hispanic black women were more likely to deliver preterm prior to 38 weeks' gestation and an additional multivariable analysis was conducted to adjust for an interaction between gestational age and race/ethnicity. Secondary analysis included a sensitivity analysis excluding women without a VL during pregnancy. In addition, we evaluated the proportion of women receiving scheduled C-sections after 38 weeks' gestation with a third trimester VL >1,000 copies/mL and associations between scheduled C-section and timing of HIV diagnosis, timing of ART initiation, and mode of delivery. Statistical analyses were conducted using STATA 12 (StataCorp, College Station, TX).
Results
Study Population
Our cohort included 824 deliveries from 648 HIV-infected women of whom 51.3% were between 25-34 years of age, 79.0% were non-Hispanic black, and 84.8% had an HIV risk factor other than injection drug use. Of the total study population, 39.1% received adequate, 38.3% intermediate, and 22.6% inadequate prenatal care ( Table 1 ). The majority of women (74.8%) were diagnosed prior to pregnancy, 172 (20.9%) during pregnancy, and 36 (4.4%) at time of delivery or soon after delivery. ART was prescribed during the majority of pregnancies (85.3%) and typically initiated by the first or second trimester (64.7%).
Mode of delivery overall and by maternal HIV viral load
Of the total study population of 824 deliveries, 407 pregnancies (49.4%) resulted in vaginal deliveries, 297 (36.0%) in scheduled C-sections and 120 (14.6%) in emergent C-sections. In univariable analysis stratified by maternal VL, for women with a VL 1,000 copies/ml, mode of delivery differed by maternal age, HIV risk factor, previous C-section, and birth type; for women with a VL >1,000 copies/ml, mode of delivery differed by previous C-section, quality of prenatal care, ART prescription during pregnancy, time of HIV diagnosis, and gestational age at delivery. (Table 1) .
Close to thirty percent of the cohort (n = 252, 30.6%) had an unknown VL or a VL >1,000 copies/ml during pregnancy, closest to the time of delivery while 69.4% (n = 572) had a VL 1,000 copies/ml. Out of 252 deliveries with VL >1,000 copies/ml or unknown VL, 49.9% had a scheduled C-section, 32.9% a vaginal delivery, and 17.5% an emergent C-section (Table 1 ). In comparison, out of 572 deliveries with an VL 1,000 copies/ml, 30.1% had a scheduled C-section, 56.6% had a vaginal delivery, and 13.3% had an emergent C-section. Overall, 31.6% of the cohort delivered before 38 weeks' gestation. Women without a VL or VL >1,000 copies/ml and delivering before 38 weeks' gestation were less likely to deliver via scheduled C-section (34.7% vs. 59.6%, p-value <0.001) and more likely to deliver via emergent C-section (30.7% vs. 8.6%, p-value <0.001) compared to women delivering at or after 38 weeks' gestation. ART was initiated by the first or second trimester for 73.6% (n = 421/572) of women with a VL 1,000 copies/mL compared to 44.4% (n = 112/252) of women with a VL >1,000 copies/mL or without a VL during pregnancy (p-value <0.001).
Of 824 HIV-exposed infants, 16 (1.9%) were confirmed HIV-infected. Seventy-five percent (n = 12) of the HIV-infected infants were born to women without a VL or a VL >1,000 copies/ ml during pregnancy, closest to the time of delivery. Of the 12 HIV-infected infants born to women without a VL or a VL>1,000 copies/ml at delivery, 8 were born via vaginal delivery, 2 via emergent C-section, and 2 via a scheduled C-section.
Maternal Characteristics by Gestational Age at Delivery
A substantial portion of our cohort (n = 260, 31.6%) delivered before 38 weeks' gestation ( Table 2) . Within univariable analysis, women who used drugs were more likely to deliver <38 weeks' gestation compared to women who did not use drugs (41.8% vs. 22.9%), less likely to have received adequate prenatal care (25.2% vs. 39.1%), less likely to have an ART prescription during pregnancy (29.4% vs. 85.3%), and less likely to have initiated ART by the first or second Maternal factors associated with a scheduled C-section among women with a VL>1,000 copies/ml
In univariable analyses, we found that non-Hispanic black women (Unadjusted Odds Ratio (UOR) 0.38, 95% CI 0.17-0.83) and Hispanic women (UOR 0.25, 95% CI 0.09-0.76) were less likely to receive a scheduled C-section compared to non-Hispanic white women (Table 3) . Women over the age of 35 years old (UOR 0.48, 95% CI 0.24-0.97) were also less likely to receive a scheduled C-section compared to younger women. Women with a previous C-section (UOR 19.80, 95% CI 6.85-56.98) and those prescribed ART during pregnancy (UOR 2.97, 95% CL 1.73-5.10) were more likely to deliver via C-section than their counterparts. Women who delivered prior to 38 weeks' gestation were less likely to deliver by scheduled C-section (UOR 0.36, 95% CI 0.21-0.61) compared to those with term deliveries. Women who were diagnosed with HIV at or soon after delivery (UOR 0.17, 95% CI 0.06-0.46) and women who received inadequate prenatal care (UOR 0.40, 95% CI 0.21-0.75) were also less likely to deliver by scheduled C-section compared to women who were diagnosed prior to pregnancy and women who received adequate prenatal care. Women prescribed ART during pregnancy (UOR 2.97, 95% CI 1.44-5.10) and initiating ART by the first or second trimester (UOR 2.43, 95% CI 1.44-4.09) were more likely to deliver via scheduled C-section compared to women who had not initiated ART by the first or second trimester or women not prescribed ART during pregnancy in unadjusted analysis. In multivariable analyses, race, gestational age at delivery, and history of a previous C-section remained significant. Women who delivered prior to 38 weeks' gestation (0.37, 95% CI 0.18-0.76), Hispanic (AOR 0.17, 95% CI 0.04-0.76), and non-Hispanic black women (AOR 0.27, 95% CI 0.10-0.77) were less likely to deliver via scheduled C-section compared to women delivering at or after 38 weeks' gestation and non-Hispanic white women. Women with a previous C-section (AOR 27.77, 95% CI 8.94-86.18) were also more likely to have a C-section delivery than women with no prior C-sections. Women delivered in eight hospitals, mostly university affiliated, located in Philadelphia and surrounding areas. There was no statistically significant difference in the prevalence of scheduled C-sections and VL distribution at delivery by delivery hospital (data not shown). Addition of a race/ethnicity and gestational age interaction term resulted in effect modification within the multivariable logistic regression model. Independently, age became newly significant and race remained significantly associated with receipt of a scheduled C-section. In addition, the interaction term was statistically significant; suggesting the association between race and a scheduled C-section varies by gestational age at the time of delivery. Non-Hispanic black women (AOR 0.06, 95% CI 0.01-0.36) and Hispanic women (AOR 0.03, 95% CI 0.00-0.59) who delivered <38 weeks' gestation were less likely to have a scheduled C-section when VL was unknown or >1,000 copies/ml during pregnancy, closest to the time of delivery. Of the women with an unknown VL or VL >1,000 copies/ml who delivered prior to 38 weeks' gestation, 75.0% (n = 9/12) of white women delivered via scheduled C-section compared to 30.8% (n = 24/78) of non-Hispanic black and 18.2% (n = 2/11) Hispanic women (data not shown). History of a previous C-section remained significant. A sensitivity analysis excluding unknown VL (n = 84) showed no statistically significant difference in study findings.
HIV-infected women with VL >1,000 copies/ml in third trimester Viral load information during the third trimester was available for the majority of our study population. For women with a VL >1,000 copies/ml in the third trimester (n = 130), 49 (37.7%) delivered before 38 weeks' gestation. For the remaining 81 women, 74.1% had a scheduled C-section, 8.6% an emergent C-section, and 17.3% a vaginal delivery. Of women delivering after 38 weeks' gestation with a third trimester VL >1,000, 55.6% had initiated ART by the second trimester and 72.8% had been diagnosed with HIV prior to pregnancy.
Discussion
In this cohort of HIV-infected pregnant women in Philadelphia, guidelines recommending a scheduled C-section for women with a VL >1,000 copies/ml were not consistently met. Our findings identified multiple missed opportunities for HIV-infected pregnant women including a high rate of premature delivery (<38 weeks' gestation) particularly among women of color, lack of viral load information and viral suppression during pregnancy, and the failure to schedule C-sections for women with a VL > 1,000 copies/ml.
While the majority of women delivered after 38 weeks' gestation, Hispanic and non-Hispanic black women were significantly more likely to deliver prior to 38 weeks' gestation compared to non-Hispanic white women. Premature delivery contributed to significant racial disparities: non-Hispanic black and Hispanic women were over 70% less likely to receive a scheduled C-section when indicated compared to non-Hispanic white women even after controlling for demographic, clinical, and engagement in care variables. Nationally, the percentage of early term (37 0/7-38 6/7 weeks' gestation) deliveries via scheduled C-section without medical indication has increased 86% from 1995 to 2009, mostly among white, insured, and college educated women [9] . Within our study, women of color were more likely to deliver prior to 38 weeks' gestation and less likely to deliver via scheduled C-section compared to non-Hispanic white women. According to national data, the proportion of preterm deliveries is higher among black women compared to white women (16.53% vs. 10.29%, respectively) [15] . Women delivering prematurely often present with ruptured membranes, increasing the likelihood of MTCT [1] . This clinical finding calls for improved surveillance and interventions to reduce the risk of prematurity, particularly among women of color. Univariable analyses showed that women with inadequate prenatal care, prenatal drug use, and no or late ART use during pregnancy were also more likely to deliver prematurely ( Table 2 ). An association between prenatal substance use and preterm delivery has been previously reported [16] . Offering concurrent substance abuse treatment with prenatal care has been shown to decrease the likelihood of preterm delivery and may be applicable to HIV-infected women with prenatal substance use [16] . Measures to reduce the risk of premature labor, including early and continued prenatal care, should be emphasized, particularly among women with elevated VLs at presentation for care. Preventative interventions such as weekly progesterone injections or the use of tocolytic agents have been applied with varying degrees of success in the general population [17, 18] ; however, tools to identify pregnant women for whom these and other interventions will effectively reduce preterm birth are lacking. Of note, C-section deliveries scheduled before 38 weeks' gestation may increase associated costs and infant complications [19] . Within our study, non-Hispanic white women delivering prior to 38 weeks' gestation were more likely to deliver via scheduled C-section compared to non-Hispanic black and Hispanic women. However, the reduced risk of vertical transmission associated with scheduled C-sections before 38 weeks' may not offset the risk of maternal and infant morbidity as MTCT in our cohort was less than the national average (2%) even with moderate compliance to current recommendations. Early prenatal care and timely initiation of ART during pregnancy are better candidates for improving maternal and fetal outcomes.
A large proportion of our cohort had an unknown VL or a VL >1,000 copies/ml near delivery, calling for increased attention to guidelines for virologic testing as well as for achieving viral suppression during pregnancy. The majority of our cohort (85.3%) received ART during pregnancy; slightly more than the national EPS average (84%) and other reported frequencies in U.S. and international studies [11, 20] . However, virologic control was still quite low: only 69.4% of women had a VL 1,000 copies/ml during pregnancy, closest to the time of delivery, suggesting that complete viral suppression was even lower. According to a 2011 estimate from the CDC, 77% of HIV-infected adults prescribed ART achieve viral suppression (HIV VL 200 copies/ml) [21] . Of note, our study involved women at various levels of the HIV care continuum, including women newly diagnosed with HIV. Typically a pregnant woman has multiple interactions with the healthcare system within a short period of time. Prenatal care visits offer opportunities to discuss the initiation of and adherence to ART. Qualitative analyses have shown that HIV-infected pregnant women have a high level of motivation to be adherent to ART in order to prevent MTCT of HIV compared to non-pregnant women; these findings support the fact that viral suppression by delivery is an achievable goal if psychosocial and structural barriers to ART adherence are addressed early in a woman's pregnancy [22] . Viral suppression at delivery is very likely when ART is initiated before 20 weeks' gestation and is possible with appropriate treatment even much later in pregnancy [23] . However, socioeconomic challenges, stigma, isolation, mental health and substance abuse [24, 25] can interfere with ART adherence in this critical period of women's lives and these factors may have contributed to our findings. Tools are needed to identify barriers to ART adherence along with interventions to link and retain pregnant HIV-infected women in care. Interventions for the general HIV population such as case management [26] and patient navigator [27] involvement have successfully increased linkage, retention, and viral suppression and could improve clinical outcomes for HIV-infected women during pregnancy and postpartum.
Even among women delivering at or after 38 weeks' gestation, 25% with a VL >1,000 copies/ ml did not receive a scheduled C-section. This finding calls for efforts to increase the proportion of women delivering via Caesarean when indicated. The substantial effectiveness of a scheduled C-section delivery in reducing MTCT of HIV in the pre-combination (cART) era and post-cART era is well established [2, 4] . While we were unable to detect a difference in surgical practices based on delivery hospital, patient preferences and/or provider perceptions or bias may have contributed to the low prevalence of scheduled C-sections. Studies have shown that physician factors such as gender, financial incentives, convenience, and education/training influences the percentage of women receiving C-sections nationally [28] [29] [30] [31] [32] . However, financial reimbursement is an unlikely driver of our findings as type of insurance coverage was not associated with receipt of a scheduled C-section among HIV-infected women with a VL >1,000 copies/mL in either univariable or multivariable analysis.
Our study has several limitations. Relying on surveillance data obtained mainly from chart abstractions revealed errors associated with missing values, misclassification, and underreporting of data. Some women lacked a VL during pregnancy; however, a sensitivity analysis was performed to ensure that unknown VL at delivery during pregnancy closest to the time of delivery did not impact major study findings. Secondly, patients or providers were not contacted to understand factors associated with mode of delivery. Future qualitative analyses are needed to further evaluate these factors. EPS abstraction forms did not collect data on whether a C-section was scheduled and not performed but discerning this information would be helpful for future studies. The data are also limited to a single geographic region and may not be applicable to the general population of HIV-infected pregnant women. Finally, the use of the Kessner index limited the interpretation of the adequacy of prenatal care to only one index. Results may have been altered slightly if other tools for measuring adequacy were used. Despite limitations, the EPS system provided ongoing surveillance and data abstracts from various sources over a long period of time.
In conclusion, only half of deliveries for women with an unknown VL or VL >1,000 copies/ ml occurred via scheduled C-section. Delivery prior to 38 weeks, particularly among minority women, resulted in a missed opportunity to receive a scheduled C-section. However, even when delivering at or after 38 weeks' gestation, a quarter of the women with a VL >1,000 copies/ml had a vaginal delivery or emergent C-section, suggesting a need for focused public health interventions to increase the proportion of women achieving viral suppression during pregnancy and delivering via scheduled C-section when indicated.
